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Background: The issue of osteoporosis-induced fractures has attracted the world's attention. 
Postmenopausal women are particularly at risk for this type of fracture. The nonmedicinal 
intervention for postmenopausal women is mainly exercise. Whole body vibration (WBV) is a 
simple and convenient exercise. There have been some studies investigating the effect of WBV 
on osteoporosis; however, the intervention models and results are different. This study mainly 
investigated the effect of high-frequency and high-magnitude WBV on the bone mineral density 
(BMD) of the lumbar spine in postmenopausal women. 

Methods: This study randomized 28 postmenopausal women into either the WBV group or the 
control group for a 6-month trial. The WBV group received an intervention of high-frequency 
(30 Hz) and high-magnitude (3.2 g) WBV in a natural full-standing posture for 5 minutes, three 
times per week, at a sports center. Dual-energy X-ray absorptiometry was used to measure the 
lumbar BMD of the two groups before and after the intervention. 

Results: Six months later, the BMD of the WBV group had significantly increased by 2.032% 
(P=0.047), while that of the control group had decreased by 0.046% (P=0. 188). The comparison 
between the two groups showed that the BMD of the WBV group had increased significantly 
(P=0.016). 

Conclusion: This study found that 6 months of high-frequency and high-magnitude WBV 
yielded significant benefits to the BMD of the lumbar spine in postmenopausal women, and 
could therefore be provided as an alternative exercise. 
Keywords: whole body vibration, osteoporosis, postmenopausal women 

Introduction 

Owing to the aging of the global population, the prevention and treatment of chronic 
diseases in the elderly have become important health issues. The increase in the number 
of cases of osteoporosis-induced fractures in the elderly is noteworthy. 1 - 2 The World Health 
Organization has denned osteoporosis as a disease characterized by "low bone density and 
microarchitectural deterioration of bone tissue with a consequent increase in bone fragility 
and susceptibility to fracture." 3 More than 200 million postmenopausal women around 
the world suffer from osteoporosis. 4 In the United States, osteoporosis affects 2% of men 
and 10% of women aged 50 years and above. In addition, 49%> of older women and 30% 
of older men have osteopenia. 5 In Taiwan, 1 .63% of men aged 50 years and above suffer 
from osteoporosis, and 1 1 .35% of women suffer from it. 6 Osteoporosis and falls are related 
to fractures, which can lead to increased morbidity and mortality, as well as decreased 
functional ability. The mortality of patients with hip fractures within 1 year is 20%, and 
only one-third of the patients have recovered their original functions. 7 A large-scale, 
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multinational study on vertebral compression fractures in Asia 
found that the incidence of fractures in women aged 65-74 years 
ranges from 9.2% to 18.8%, and that in women aged 75 years 
and above ranges from 18% to 28. 7%. 8 

Most strategies for treating bone loss have focused on 
dietary and pharmacologic interventions; 9 however, drug 
treatments can have adverse effects and poor long-term 
adherence, despite their effectiveness. 10 Weight-bearing and 
resistance exercises can be an alternative therapy. Some stud- 
ies have shown that these exercises can increase bone mineral 
density (BMD). 1112 In comparison with pharmacological 
interventions, the compliance with exercise for treating osteo- 
porosis is better. 13 Furthermore, fall incidence is multifacto- 
rial; it may strengthen the case for exercise interventions, and 
exercise itself is effective in reducing fall incidence, whereas 
pharmacological and other interventions are not. 14 

Whole body vibration (WBV) is a popular exercise 
where individuals stand on an oscillating plate, and the 
motor transmits vertical acceleration to muscle and bone. 15 
Wolff stated the bone will increase where the load is placed, 
which leads to the remodeling of bone; it was also found 
that the morphology (density, size, and width) of a bone 
will be changed by the external forces acting on it - hence, 
he proposed the famous Wolff's law. 16 WBV can produce 
osteogenic effects by changing the flow of bone fluid through 
direct bone stimulation and mechanotransduction, or it can 
generate indirect bone stimulation through skeletal muscle 
activation by means of tone stretch reflex. 17-19 

The results of animal trials had shown that vibration 
stimulation can increase the anabolic activity of bone tissue, 
as well as increase the bone volume and area. 20,21 In addition, 
the study by Wenger et al 22 found that mice exhibited a shift 
toward higher bone density in the femur and an increase in 
mineralizing surface in the radius after vibration. Studies 
and systemic reviews on postmenopausal women have found 
that WBV has a significant effect on femoral neck BMD; 
however, it does not have a significant effect on lumbar spine 
BMD. 3,22-33 These studies have also found that the frequency 
and magnitude of the applied WBV used in these studies dif- 
fer greatly. The aim of this study was to determine whether 
6 months of high-frequency and high-magnitude WBV train- 
ing at a neutral full standing position would be effective for 
the BMD of the lumbar spine in postmenopausal women. 

Methods 

Subjects 

This study was a randomized clinical trial, in which subjects 
that met the inclusion criteria in community volunteer groups 



were recruited through advertisements from January 2010 
to October 201 1. As shown in Figure 1, a total of 40 post- 
menopausal women were recruited, and 32 of them met the 
inclusion criteria. In the end, a total of 28 subjects completed 
this study. The inclusion criteria were: postmenopausal; 
nonsmokers; adequate nutritional status (body mass index 
[BMI] > 1 8.5), a lack of regular exercise at least three times 
per week, and the ability to follow the protocol. The exclusion 
criteria were: acute hernias or thrombosis; kidney or bladder 
stones; epilepsy or seizures; pregnancy; arrhythmia; use of 
a pacemaker; serious cardiovascular or pulmonary disease; 
dizziness; undergoing surgery or being hospitalized for treat- 
ment within the last 6 months; and receiving any osteoporosis 
drugs within the last year. The subjects were fully informed of 
the research purpose, possible adverse events, and expected 
health benefits, and all subjects signed the approved informed 
consent form for this study after being verbally informed of 
the relevant information. This study was approved by Insti- 
tutional Review Board at the Taichung Hospital (Taichung, 
Taiwan) (IRB-05-06). 

Study design 

A total of 32 subjects who met the inclusion criteria were ran- 
domized into two groups using computer-generated numbers: 
the WBV group and the control group (CON group). During 
the study, the two groups were asked to maintain their daily 
life habits and not to use any osteoporosis drugs, including 
calcium and vitamin D. The WBV group received vibration 
training three times per week at a sports center in a hospital. 
The subjects stood on the platform in a natural full standing 
posture with their bare feet. The stimulation source of the 
WBV device (LV-1000; X-trend Fitness Equipment, Luntai 
Enterprise Co., Ltd, Taichung, Taiwan) was a horizontal 
vibration with a frequency of 30 Hz (1 Hz =1 oscillation/ 
second) and a magnitude (acceleration) of 3.2 g (gravity; 
1 g =9.8 1 m/second 2 ) for 5 minutes each time. A well-trained 
physical therapist was responsible for executing the vibra- 
tion training and for monitoring the safety of the subjects 
(Figure 2). The subjects all underwent BMD (g/cm 2 ) tests of 
the lumbar spine before and after the 6-month intervention. 
The first to fourth lumbar spine BMD was assessed using 
dual-energy X-ray absorptiometry (DEXA) (QDR4500; 
Hologic® Inc, Bedford, MA, USA). A physician who was 
certified by the International Society for Clinical Densi- 
tometry interpreted the test data to ensure the consistency 
of the DEXA quality. The day-to-day precision coefficient 
of variation percentage of this DEXA machine was about 
1% at the lumbar spine. 
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Assessed for eligibility 
(n=40) 



Excluded (n=8) 
Did not meet inclusion criteria 
as per questionnaires 



Randomization and 
measurement of BMD 



Intervention (n=16) 
Whole body vibration training 
5 minutes/session *3/week x6 months 
(Frequency: 30 Hz; magnitude: 3.2 g) 



Dropped 


out (n=2) 


due to personal time schedule and 


lack of 


nterest 






Measurement 


of BMD (n=14) 


analyzed at month 6 



Figure I Flowchart of this trial. 

Abbreviations: n, number; BMD, bone mineral density. 



1 



Control (n=16) 
Not to engage in any type of 
exercise or lifestyle change 



Dropped out (n=2) 
due to lack of interest 



Measurement of BMD (n=14) 
analyzed at month 6 




Figure 2 The subject stood on the platform in a natural full standing posture and 
was monitored by a well-trained physical therapist during whole body vibration. 



Statistical analysis 

This study used the Statistical Package for the Social Sciences, 
Windows version 14 (SPSS Inc., Chicago, IL, USA) to analyze 
the research data. Descriptive statistics included the mean and 
standard deviation and the chi-square test for the baseline 
characteristics. This study used a paired samples £-test to 
compare the change in BMD of the two groups before and 
after the intervention. The effects between the two groups were 
tested using analysis of covariance, and were adjusted by body 
weight, age, and baseline data to compare the change in BMD 
of the two groups. This study adopted P<0.05 as the level of 
statistical significance in the two-tailed analysis. 

Results 

Thirty-two postmenopausal women met the inclusion cri- 
teria. During the trial, four participants dropped out due to 
schedule problems or a lack of interest. Therefore, 28 (88%) 
of the subjects completed the program. None of the subjects 
experienced adverse effects, such as dizziness or pain, during 
the entire program. 
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As shown in Table 1, the basic information of the 
28 participants was as follows: the average age was 
60.1+7.1 years (46-69 years); the average BMI was 
22.7+1.9 kg/m 2 (19.8-26.1 kg/m 2 ); the average BMD of the 
lumbar spine was 0.818+0.088 g/cm 2 (0.684-0.984 g/cm 2 ); 
and the average years after menopause was 9.8±8.7 years 
(1-30 years) in the WBV group. The average age was 62.4±7. 1 
years (53-75 years); the average BMI was 23.1+4.4 kg/m 2 
(18.5-28.6 kg/m 2 ); the average BMD of the lumbar spine 
was 0.819+0.078 g/cm 2 (0.674-1.015 g/cm 2 ); and the average 
number of postmenopausal years was 10.6+6.9 years (0-25 
years) in the CON group. There were no significant differ- 
ences in the age, BMI, BMD of lumbar spine, and number 
of postmenopausal years between the two groups, suggest- 
ing that the subjects were properly randomized. According 
to the criteria of osteoporosis recommended by the World 
Health Organization, which compares youths aged 20-29, a 
calculated T-score >-1.0 is normal, while a T-score =-1.0 
to -2.5 indicates osteopenia (low bone mass or low bone 
density). A T-score s-2.5 is used to diagnose osteoporosis. 34 
The incidence of osteopenia and osteoporosis of the two 
groups in the trial was 100% for the WBV group and 85% 
for the CON group. 

The BMD of the WBV group and the CON group after 
6 months was 0.835+0.098 g/cm 2 (compared to the pre- 
test, P=0.047) and 0.815+0.076 (compared to the pre-test, 
P=0, 188), respectively. There was a significant increase in the 
BMD of the lumbar spine of the WBV group, while there was 
a decrease in that of the CON group (Table 2). The variables 
(age, BMI, and number of postmenopausal years) that might 
affect the BMD were further adjusted using analysis of cova- 
riance. The comparison of the change in the BMD between 
the two groups before and after the 6-month intervention 
indicated that the BMD of the lumbar spine in the WBV 
group increased by 2.032%±3.332%, while that of the CON 
group decreased by 0.046%±1 .245%. The difference between 



Table I Baseline characteristics of the sample (mean + SD) 



Assessment 


WBV 


CON 


P-value 




group 


group 




Number (N=28) 


14 


14 




Age (years) 


60.1 ±7.1 


62.4±7.l 


0.386 


Years after menopause 


9.8±8.7 


I0.6±6.9 


0.776 


BMI (kg/m 2 ) 


22.7+1.9 


23.1 ±4.4 


0.749 


BMD of lumbar spine (g/cm 2 ) 


0.8I8±0.088 


0.8I9±0.078 


0.992 


Proportion of osteopenia 


100 


85 


0.481 


and osteoporosis (%) 









Abbreviations: SD, standard deviation; WBV, whole body vibration; CON, 
control; N, number; BMI, body mass index; BMD, bone mineral density. 



the two groups reached statistical significance CP=0.016), as 
shown in Table 3. 

Discussion 

Osteoporosis has become one of the most important health 
issues for postmenopausal women, and it has been found 
that multicomponent exercise programs based on strength, 
aerobic, high impact, and/or weight-bearing training are 
beneficial to postmenopausal women. 35 However, some 
weight-bearing exercises are not suitable for patients with 
muscle weakness or joint and nerve diseases; therefore, WBV 
training can be provided as an alternative exercise. WBV 
had negative effects if the exposure was of large intensity or 
long duration, which could damage the peripheral nerves and 
blood vessels. On the other hand, the side effects, including 
dizziness, headache, and fall, could be minor when exposure 
includes low intensity and is of short duration. 3 Thus, the 
choice of the vibration model and the duration of the inter- 
vention are important. 

The oscillating plate of a WBV machine can be adjusted 
to alter the exercise stimulus. According to the frequency/ 
magnitude of the applied vibration, the oscillating plate can be 
divided into high-frequency (Hz >20) or low- frequency plates 
(Hz ^20), and they can be categorized as high magnitude 
(&1 g) or low magnitude (<1 g), according to the strength 
of the exercise. 1517 This study used high-frequency (30 Hz) 
and high-magnitude (3.2 g) horizontal WBV to conduct a trial 
on postmenopausal women. After the 6-month intervention, 
the WBV group showed significantly improved lumbar spine 
BMD (P=0.016). 

Several randomized controlled studies have compared 
WBV training groups with CON groups and found that there 
is no significant effect on lumbar spine BMD or volumetric 
bone density in postmenopausal women. 24 ' 25 ' 27,28 The study by 
Rubin et al 24 used a quiet standing posture to receive high- 
frequency and low-magnitude WBV In the study by von 
Stengel et al, 30 the patients received a multifunctional train- 
ing program at the high-frequency and low-magnitude WBV 
platform. The subjects in this study received high-frequency 
and high-magnitude WBV, which was different from the two 
studies mentioned above. The study by Verschueren et al 25 
used the same high-frequency and high-magnitude WBV 
as that used in this study; however, the subjects engaged in 
static and dynamic knee-extensor exercises and osteoporosis 
cases were excluded. In the study by Gusi et al, 27 the subjects 
stood on a WBV platform and maintained a 60° angle of 
knee flexion. The posture used on the WBV platform will 
affect the transmissibility of WBV An erective posture can 
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Table 2 Comparative effects of the WBV and CON groups after 6 months (mean + SD) 





Month 0 


Month 6 


P-value 


Change in BMD (%) 


P-value 




BMD (g/cm 2 ) 


BMD (g/cm 2 ) 








WBV group 


0.8I8±0.088 


0.835±0.098 


0.047* 


2.032%±3.332% 




CON group 


0.8I9±0.078 


0.8I5±0.076 


0.188 


-0.046%+ 1.245% 


0.016* 



Note: *P<0.05. 

Abbreviations: WBV, whole body vibration; CON, control; SD, standard deviation; BMD, bone mineral density. 



enhance the transmissibility of vibration through the hip 
and spine. 36 The neutral full-standing position used in this 
study could enhance the effect of WBV on the bones in the 
lumbar spine. 

In recent large-scale studies, Ruan et al 28 enrolled 
91 postmenopausal women with osteoporosis in a study 
and provided a 6-month intervention of high-frequency 
(30 Hz, five times/week) WBV, and found that the WBV 
group's lumbar spine BMD increased by 4.3% (P=0.000); 
conversely, the CON group's lumbar spine BMD decreased 
by 1.9% (P<0.05). In the study by Beck and Norling, 37 
following an 8-month intervention of high-frequency 
(30 Hz) and low-magnitude (0.3 g) WBV twice per week, 
the CON group experienced bone loss at the lumbar spine 
(-6.6%; P=0.02), while the WBV group did not. However, 
there was no between-group difference. The results of the 
aforementioned studies were similar to those of this study; 
however, the study by Ruan et al 28 required a series of five, 
10-minute sessions/week, and only three, 5-minute sessions/ 
week were performed in this study, which is more reasonable 
for the participants to adhere to. This would be strengthened 
by highlighting the dropout rate in the Ruan et al study, 28 
which was 23%, as compared to the 88% retention rate in 
this study. In contrast, Slatkovska et al 38 conducted a study 
on 202 postmenopausal women who were taking calcium 
and vitamin D supplements, in which high-frequency (30 Hz 
and 90 Hz) and low-magnitude (0.3 g) WBV was used. 
Comparisons to the CON group showed that there was no 
significant change in the lumbar spine BMD in the WBV 
training group. However, the author noted some limitations, 
including inconsistent medical adherence (65%-79%) and 

Table 3 Comparative effects of the WBV and CON groups after 



six months (mean 


+ SD) 








WBV group 


CON group 


P-value 


Difference 


0.0I7±0.029 


-0.004±0.0I 1 


0.018* 


Change in BMD 


2.032%±3.332% 


-0.046%± 1.245% 


0.016* 



Notes: Analysis of covariance was used to compare the differences between the 
two groups and adjust factors such as age, BMI, and number of post-menopausal 
years. *P<0.05. 

Abbreviations: WBV, whole body vibration; CON, control; SD, standard deviation; 
BMD, bone mineral density; BMI, body mass index. 



the fact that participants self-administered the WBV at home. 
In this study, the participants who received high-frequency 
and high-magnitude WBV did not take calcium or vitamin D 
supplements, and they exhibited good adherence. The entire 
WBV training program was performed at the sports center 
of a hospital and was supervised by a well-trained physical 
therapist. 

Although this study observed a significant increase in 
the lumbar spine BMD from baseline, there were some 
limitations. First, the overall results may not be applicable 
to the general population, because the samples were low 
and only consisted of postmenopausal women, not from 
a random sampling of the general population. Second, 
blank WBV was not provided to the CON group and a 
double-blind design could not be implemented in this 
study. Moreover, not all the participants had osteopenia 
or osteoporosis. Therefore, it was impossible to identify 
the effect of WBV on preventing or improving osteoporo- 
sis. The rate of osteoporosis and osteopenia might affect 
the trial results. It has been generally speculated that the 
increased rate of osteoporosis and osteopenia could result in 
a greater increase of BMD due to a low baseline BMD. 39,40 
However, the mechanism of WBV on lumbar spine BMD 
remains unclear. 

WBV training is a very convenient exercise. This study 
found that high-frequency (30 Hz) and high-magnitude 
(3.2 g) WBV training could be used by postmenopausal 
women to improve bone loss at the lumbar spine. In order 
to determine guidelines for the use of WBV, including the 
posture used on the platform, and the oscillation type (ampli- 
tude, frequency, and duration), a large-scale study should 
be conducted on elderly participants, or on patients with 
disabilities who are unable to engage in resistant exercise or 
other weight-bearing exercises. 

Conclusion 

This study concluded that 6 months of high-frequency, high- 
magnitude WBV using a neutral full standing posture is a 
feasible exercise for reducing bone loss at the lumbar spine 
for postmenopausal women. 
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